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Upper-level wave trains exists, with troughs often 
forming as the flow is disturbed by mountains
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Introduction	to	upper-level	features
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• Converging air 
accumulates 
and subsides 





• As air enters the trough, wind speeds increase 
resulting in a jet maximum at the trough base.
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Tropopause Fold (Stratospheric Intrusions: SI)
SIs are 
associated with:
• High O3, PV
• Low CO, 
moisture (“dry 
intrusion”)
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• SI descends 
behind cold 
front
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• Impact of SIs on 
surface O3 is well 
documented








able to resolve SIs
• Very few studies of 
SIs use reanalysis 
O3
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events at RMNP, 
CO MAM 2012
• MERRA-2 O3 
underestimates 
surface O3
variability but still 
spikes near times 
of SIs
Knowland et al., 2017, GRL
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• Cold front from L in 
Montana
• Surface trough 
from L is Wyoming
• RH low behind 
surface trough
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a • Fine-scale filaments 
of stratospheric air 
at 300 to 500 hPa 
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• Tropopause folds are associated with:
• High O3, PV
• Low RH, CO
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Zonal winds (m s-1)



















































































































































Zonal winds (m s-1)



















































































































































Meridional winds (m s-1)
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Zonal winds (m s-1)



















































































































































Zonal winds (m s-1)



















































































































































Meridional winds (m s-1)



























































































































































• Tropopause descends 
to ~600 hPa
• Wrapped around jet 
core
Knowland et al., 2017, GRL
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• Tropopause folds are associated with:
• High O3, PV
• Low RH, CO
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Zonal winds (m s-1)



















































































































































Zonal winds (m s-1)



















































































































































Meridional winds (m s-1)
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Zonal winds (m s-1)



















































































































































Zonal winds (m s-1)



















































































































































Meridional winds (m s-1)
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